The goal of this longitudinal study was to examine the associations among psychological factors and pain reports of children and their parents over the 12 month period after pediatric surgery. Materials and methods: Included in the study were 83 children aged 8-18 years undergoing major surgery. In each case, the child and one of their parents completed measures of pain intensity and unpleasantness, psychological function, and functional disability at 48-72 hours, 2 weeks (child only), 6 months, and 12 months after surgery. Results: The strength of the correlation coefficients between the psychological measures of the parent and their child increased significantly over time. There was a fair level of agreement between parent ratings of child acute and chronic pain (6 months after surgery) and the child's actual ratings. Parent and child pain anxiety scores 48-72 hours after surgery interacted significantly to predict pain intensity, pain unpleasantness, and functional disability levels 2 weeks after discharge from hospital. Parent pain catastrophizing scores 48-72 hours after surgery predicted child pain intensity reports 12 months later. Conclusion: These results raise the possibility that as time from surgery increases, parents exert greater and greater influence over the pain response of their children, so that by 12 months postsurgery mark, parent pain catastrophizing (measured in the days after surgery) is the main risk factor for the development of postsurgical pain chronicity.
Introduction
Research on the role of psychological and social factors in pain perception has increased exponentially since the publication of the Gate Control Theory 1 and biopsychosocial models of pain. 2, 3 Recently, factors relevant to pain perception have become central components of several pain models including the integrative model of parent and family factors in pediatric chronic pain and associated disability 4 and the pediatric fearavoidance model of chronic pain. 5 The former model 4 proposes that three interrelated levels of factors influence pediatric pain and disability: (1) individual factors (eg, parent behaviors such as solicitousness, parent reinforcement, parenting style), (2) parentchild interactions, and (3) family-related variables (eg, familial environment). In addition, several mediators and/or moderators of the relationships between pain, disability, and the three interrelated levels of factors mentioned above are proposed (eg, sex, age, developmental stage, coping, family history, and emotional symptoms). The latter model 5 recognizes the bidirectional relationship between parent and child factors as contributing to the initiation and maintenance of the pain experience. The ways in which parents react to their children's pain (including protective and solicitous behaviors and parents' psychological responses) also influence their children's behaviors and psychological responses to pain.
As highlighted in the pediatric fear-avoidance model of chronic pain 5 , children's thoughts and beliefs related to the pain experience are shaped over time initially through interaction with their parents. 4, 6 Moreover, pain experiences affect one's empathic responses to the pain of others, 7, 8 and this is particularly true of the parent-child relationship. 7 Based on prior pain experiences and current beliefs and thoughts about pain, a parent might interpret his/her child's pain as threatening. This interpretation will likely lead to a higher estimation of the child's pain and an increased level of parental distress; [9] [10] [11] these factors will in turn affect the child's pain behaviors and expressions [12] [13] [14] and pain-related functional disability. 9, 10, 15 Understanding the transition from acute to chronic postsurgical pain (CPSP) in children would be enhanced by addressing these critically important parental influences on children's pain experiences. Research has shown that (1) parents are affected by their child's experience of a long-term condition or hospitalization; 16, 17 (2) parents of hospitalized children report feelings of anxiety, fear, guilt, a sense of lack of control, and distress; 18 (3) high levels of parent anxiety prior to their child's surgery are associated with higher levels of child anxiety, 19 and parent postoperative anxiety correlates strongly with child postoperative anxiety; 20 (4) some parental behaviors intended to reduce a child's pain, such as reassurance, have been shown to increase the child's distress level; 21 and (5) parent distraction is associated with fewer child activity restrictions, whereas parent protective behaviors are associated with more child activity restrictions among children with juvenile idiopathic arthritis. 22 Taken together, these studies show that parents are significantly affected by their children's pain experience; at the same time, parents also influence their children's response to pain. Nevertheless, it remains unclear how parent and child pain-related psychological variables and pain reports are related and how/whether this relationship evolves over time as acute postoperative pain becomes chronic.
The objectives of this study were to (1) examine the correlations among child and parent pain-related psychological factors as well as the agreement between child and parent pain reports over the 12 months after pediatric surgery, (2) identify parent pain-related psychological risk factors associated with child acute postsurgical pain 48-72 hours after surgery, and (3) identify parent pain-related psychological risk factors that predict pediatric CPSP 6 months and 12 months after surgery. Within the context of this study, CPSP is defined as the presence of pain of a moderate to severe intensity (average pain score of $4 or higher out of 10 on the numeric rating scale [NRS]) 6 months and/or 12 months after surgery. 23 Children who reported experiencing no pain or mild pain (pain intensity score of #3 on the NRS) were classified into the no/mild CPSP group.
Child and parent pain-related psychological constructs examined in this study include pain anxiety, pain catastrophizing, and anxiety sensitivity. Pain anxiety refers to cognitive, physiological, behavioral, and fear dimensions of anxiety that are associated with current or anticipated pain experience. 24, 25 Pain catastrophizing refers to cognitive and fear (rumination, helplessness, magnification) responses associated with actual or anticipated pain experience. 26 Anxiety sensitivity refers to the fearful interpretation of anxiety symptoms due to the belief that they might lead to potentially harmful or negative consequences. 27 Recent studies have shown that although these constructs are related, there is evidence that they contribute uniquely to the explanation of chronic pain disability after adult surgery. 28 These constructs were selected because they have been shown to be associated with child and adolescent pain severity and pain-related disability, [29] [30] [31] and they are central components of empirically validated models of chronic pain such as the diathesis-stress model of chronic pain and disability 32, 33 and the cognitive-behavioral fear-avoidance model of chronic pain.
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Materials and methods
Participants and recruitment
Children between the ages of 8-18 years who underwent either general surgical (thoracotomy, thoracoabdominal surgery, Nuss/Ravitch procedure, sternotomy, laparotomy, ostomy) or orthopedic (scoliosis, osteotomy, plate insertion tibia/femur, open hip reduction, hip capsulorrhaphy) procedures and one of their parents were eligible to participate in this study. Exclusion criteria included developmental or cognitive delay, being nonverbal, having cancer, or having a congenital insensitivity to pain. Inclusion criteria, other than age and surgery type, included both child and parent being fluent in written and spoken English.
Questionnaires child measures
The Child Pain Anxiety Symptoms Scale (CPASS) 36 is a 20-item, self-report, scale for children, adapted from the 
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Parental influences in pediatric postsurgical pain adult PASS-20. 37 Children rate the extent to which they think, act, or feel in relation to each item on a scale from 0 ("never think, act, or feel that way") to 5 ("always think, act, or feel that way"). Total score ranges from 0-100, with higher scores indicating higher levels of pain anxiety. The CPASS consists of four subscales: cognitive, escape/avoidance, fear, and physiological anxiety. The CPASS showed excellent internal consistency (α = 0.90) in a community sample of children 36 as well as in the present sample (α = 0.92-0.96).
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The construct and discriminative validity of the CPASS are adequate as evidenced by greater correlations between the CPASS and pain catastrophizing (r = 0.63) and anxiety sensitivity (r = 0.60) than with general anxiety (r = 0.44). The CPASS was significantly associated with the frequency of pain reports in children. 36 The Childhood Anxiety Sensitivity Index (CASI) 39 is an 18-item scale that measures the extent to which participants interpret anxiety-related symptoms (eg, increased heart rate, feeling nauseated) as indicators of potentially harmful somatic, psychological, and/or social consequences. 40 Each item on the CASI is rated on a four-point Likert scale ranging from 1 ("none") to 3 ("a lot") yielding total scores between 18 and 54, with higher scores indicating higher levels of anxiety sensitivity. The CASI has good internal consistency (α = 0.87), test-retest reliability (r = 0.76), as well as adequate convergent and discriminant validity. 39 Internal consistency for the present study was excellent (α = 0.87-0.93).
The Pain Catastrophizing Scale -Children (PCS-C) 26 measures the extent to which children worry, amplify, and feel helpless about their current or anticipated pain experience. 26 The 13-item PCS-C is a modification of the adult PCS. 41, 42 Children rate each item on a scale from 0 ("not at all") to 4 ("extremely"), "how strongly they experience this thought" when they have pain. Total scores range from 0-52, with higher scores indicating higher levels of pain catastrophizing. The PCS-C also yields three subscale scores, namely rumination, magnification, and helplessness. The PCS-C has good internal consistency (α = 0.90) and correlates highly with pain intensity (r = 0.49) and disability (r = 0.50). 26 Internal consistency for the present study was excellent (α = 0.93).
Functional Disability Inventory (FDI-C) 43 is a self-report measure that assesses the extent to which children experience difficulties in completing specific tasks of daily living. Typically, the FDI-C is used as a five-point Likert scale and yields total scores ranging from 0-60. Inadvertently, the FDI-C in the present study was measured using a four-point Likert scale and omitted the original "2" ("some trouble"). Children in this study rated each of the 15 items on a scale from 0-3: (0: "no trouble"; 1: "a little trouble", 2: "a lot of trouble", and 3: "impossible"). Total scores range from 0-45 with higher scores indicating higher levels of disability. The FDI-C has excellent internal consistency (α = 0.86-0.91) and good test-retest reliability at 2 weeks (r = 0.74) and 3 months (r = 0.48). The FDI-C has been used with many pediatric populations including children with chronic pain [44] [45] [46] and postsurgical pain. 47 Internal consistency for the present study was excellent (α = 0.83-0.89).
The 11-point NRS for Pain Intensity (NRSI) and Pain Unpleasantness (NRSU) are verbally administered 11-point scales that measures pain intensity ("how much pain do you feel right now?"). The NRS was also used to measure pain unpleasantness ("how unpleasant/horrible/yucky is the pain right now?"). The end points represent the extremes of the pain experience. Since there are no agreed upon NRS anchors for measuring pain in children and adolescents, 48 the following anchors were used in the present study: for pain intensity, 0 = "no pain at all" to 10 = "worst possible pain"; for pain unpleasantness, 0 = "not at all unpleasant/horrible/yucky" to 10 = "most unpleasant/horrible/yucky feeling possible." The NRSI has been validated as an acute postoperative pain measure in children aged 7-17 years 38 and correlates highly with the Visual Analog Scale (r = 0.89) and the Faces Pain Scale-revised (r = 0.87). 49 To determine preoperative pain, children were asked retrospectively (48-72 hours after surgery) how much pain they had had on average before the surgery using a four-point verbal rating scale (0 = "no pain"; 1 = "a little bit of pain"; 2 = "a moderate amount of pain"; 3 = "a lot of pain"). Only three children with preoperative pain reported pain at the 6-month or 12-month follow-up; for the remaining 18, the surgery corrected the source of their pain. 23 The CPSP Questionnaire-Child report was designed specifically for the present study to evaluate children's pain experience postoperatively. Children were asked questions about the presence/absence of pain ("Do you ever feel pain in the area of your body where the surgery was done?"), pain frequency ("How often do you feel pain?"), pain intensity and unpleasantness (11-point NRS), type of pain ("What kind of pain do you usually feel?"), pain location ("When you feel pain where exactly is the pain you are usually feeling?"), as well as pain management strategies utilized (eg, pain medication, doctor visits, physiotherapy). CPSP was defined based on the child's response to the question "On average, how much pain do you usually feel?" Children who rated their average pain as $4 out of 10 were classified as having moderate/severe CPSP, and children who rated their average pain as #3 out of 10 were classified as having no/mild CPSP.
Parent measures
The Pain Anxiety Symptoms Scale (PASS-20) 37 is a short version of the PASS, 25 consisting of 20 items assessing fear and anxiety reactions to pain. The four, five-item subscales of the PASS-20 measure cognitive anxiety, escape and avoidance responses, fearful thinking, and physiological anxiety responses. Participants answer each item on a scale from 0 ("never") to 5 ("always"). Total scores range from 0-100, higher score indicating higher level of pain anxiety. The scale has a good internal consistency (α = 0.81), good convergent validity with the original PASS-40 (r = 0.95), and good construct validity. 37 Reliability coefficients for the subscales range from 0.23-0.93. Internal consistency for the present study was excellent (α = 0.938-0.959).
The Pain Catastrophizing Scale (PCS) 41 is a 13-item self-report measure of pain catastrophizing that includes three subscales: rumination, magnification, and helplessness. Participants rate each item on a scale from 0 ("not at all") to 4 ("all the time"), for a total score of 52. Cronbach's α of 0.87 for the total scale is satisfactory. The scale also has good convergent validity with measures of anxiety (r = 0.32) and negative affect (r = 0.32). The 10-week test-retest showed good reliability (r = 0.70). Internal consistency for the present study was excellent (α = 0.934-0.961).
The Anxiety Sensitivity Index (ASI) 27 is a 16-item selfreport measure assessing the extent to which participants fear the potentially negative consequences of symptoms and sensations related to anxiety. Each item is rated on a scale from 0 ("very little") to 4 ("very much"), for a total score ranging from 0-64. The ASI has a high total score internal consistency (α = 0.83) and has good convergent and discriminant validity. 50 Internal consistency for the present study was excellent (α = 0.884-0.920).
The Postoperative Pain Measure for Parents (PPMP) 51 is a 15-item checklist that assesses behavior children exhibit in response to postoperative pain. For each item, parents select "yes" or "no" as to whether the child exhibits the behavior. The checklist has good internal consistency (α = 0.88) and correlates highly with child ratings of pain (r = 0.61). 51 Using a cut-off score of 6, the PPMP has been shown to be highly sensitive (,80%) and specific (.80%) in identifying children with clinically significant pain intensity 2 days after surgery. 51 Internal consistency for the present study was adequate (α = 0.756).
The Functional Disability Inventory -Parent report (FDI-P) 43 is a 15-item scale that assesses the extent to which children experience difficulties in completing specific tasks (eg, "walking to the bathroom", "eating regular meals", and "being at school all day"). Parents are asked to rate the extent to which their child experiences difficulties in completing each of the 15 items. Typically, the FDI-P is used as a five-point Likert Scale and yields total scores ranging from 0-60. Inadvertently, the FDI-P in this study was measured using a four-point Likert scale. Parents rated each item on a scale from 0 ("no trouble") to 3 ("impossible"), yielding total scores ranging from 0-45. Internal consistency for the present study was adequate (α = 0.798-0.886).
The CPSP Questionnaire -Parent report was designed specifically for this study to evaluate parent perception of child's pain experience postoperatively. Parents were asked questions about their children's pain experience, including the presence/ absence of pain ("Does your child ever feel pain in the area of his/her body where the surgery was done?"), pain frequency ("How often does your child feel pain?"), pain intensity and unpleasantness using the NRS ("On average, how much pain does your child feel on a scale from 0 to 10?"), type ("What kind of pain does your child usually feel?"), and location ("When your child feels pain where exactly is the pain she/he is usually feeling?") of pain, as well as pain management strategies utilized (eg, pain medication, doctor visits, physiotherapy).
Procedure
The study was reviewed and approved by the Research Ethics Boards of the Hospital for Sick Children and York University. Potential participants were initially approached approximately 48-72 hours after surgery by nurses not part of the research project. After expressing initial interest in the study to the nurse, children and one of their parents were then approached 48-72 hours after surgery by one of the research team members. After obtaining written parental consent and child consent or assent, questionnaires were verbally administered to children by one of the research team members (Table 1) . Meanwhile, parents independently completed a similar set of questionnaires. The order of administration of questionnaires was randomized (http://www.randomization.com) within participants to minimize potential order and fatigue effects. Telephone follow-up calls were conducted approximately 2 weeks after discharge from hospital (children only) and 6 months and 12 months after surgery with both parents and children (Table 1) larger project examining validation of pain anxiety and predictors of acute and chronic postoperative pain in children.
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Data analysis
Data were screened for the presence of univariate outliers on pain-related psychological predictor variables (pain anxiety, pain catastrophizing, and anxiety sensitivity), multivariate outliers (squared Mahalanobis distance has a probability χ 2 , 0.001), as well as skewness and kurtosis for both child and parent measures.
Outlier analysis revealed that none of the data points was both a univariate and a multivariate outlier; as such, all participants were retained for the analyses. Skewness and kurtosis significance testing (estimate/standard error .3) revealed nonnormality of two outcome variables; namely, pain intensity and pain unpleasantness 2 weeks, 6 months, and 12 months after surgery. Nonnormality of the outcome variables was addressed through square root transformation (NRSI [2] correlation and concordance between child and parent pain-related psychological factors and pain reports correlations between child and parent pain-related psychological factors
The associations among parent (PASS, PCS, ASI) and child (CPASS, PCS-C, CASI) pain-related psychological measures were examined using Pearson correlation coefficients. Strength of correlations between measures was examined using R 2 and 90% confidence intervals.
agreement/relationship between child and parent ratings of a child's pain
To determine a relationship between child and parent acute postsurgical pain ratings, two-tailed, Bonferroni-adjusted (α = 0.025) t-tests were used to examine differences in NRSI(0) scores and NRSU(0) scores using a cut-off score of 6 on the PPMP. We compared children whose parents rated them as having a score of $6 on the PPMP 51 (a clinically significant level of pain) with children whose parents rated them as having a score ,6 on the PPMP (a nonclinically significant level of pain).
To determine agreement between child and parent CPSP ratings, inter-rater agreement between parental perception of the child's CPSP status (no/mild CPSP versus moderate/ severe CPSP) and child self-report of CPSP status was examined 6 months and 12 months after surgery using Cohen's kappa coefficient 53 (α set at 0.025). For both child report and parent report of the child's pain, moderate/severe CPSP was defined as the presence of pain of an intensity $4 on the NRS 6 months and/or 12 months after surgery.
Parent and child factors associated with pediatric acute postsurgical pain 2 weeks after hospital discharge A multivariate general linear model (multivariate multiple regression analysis) was fit to the data to examine the effect of parent and child pain-related psychological measures and their interactions on child acute pain and functional disability levels. The PASS(0) and CPASS(0) and their interaction (using centered variables) as well as PCS(0) and PCS-C(0) and their interaction (using centered variables) 48-72 hours after surgery were entered as predictors of child NRSI(0) and NRSU(0) (model 1) and NRSI (2) t , NRSU (2) t , and FDI-C(2) 2 weeks after discharge from hospital (model 2). α level was set at 0.025 to control for multiple comparisons. Significant multivariate effects were followed-up with univariate multiple regression analyses.
Parent predictors of pediatric cPsP
Stepwise linear regression analyses were conducted to examine parent predictors of child CPSP. The PASS(0), PCS(0), and ASI(0) measured 48-72 hours after surgery were entered as predictors of children's pain intensity 6 months (NRSI [6] t [model 1]) and 12 months (NRSI [12] t [model 2]) after surgery (α set at 0.025).
sample size analysis
Sample size was estimated a priori (for all analyses except the multivariate multiple linear regression analyses) using G*Power version 3.1 (Franz Faul, Universitat Kiel, Germany). 54 
48-72 hours after surgery
Sample size analysis showed that 64 participants would be required for a two-tailed point biserial correlation with α = 0.05, and a power of 80%, and with a medium effect size.
weeks after discharge from hospital
Given that sample size analyses for multivariate multiple linear regression analyses are not readily accessible, power analyses were computed post hoc. Post hoc power analysis is important to rule out that nonsignificant findings are not due to lack of power. Power analysis for three response variables and six predictors showed that with 83 participants, noncentrality parameter λ = 16.6, α = 0.025, numerator df = 2, denominator df = 71, and a power of 92.0%. Power analysis for three response variables and six predictors showed that with 83 participants, noncentrality parameter λ = 16.6, α = 0.025, numerator df = 2, denominator df = 57, and a power of 87.3%.
months and 12 months after surgery
Sample size analysis showed that 57 participants would be required for a linear regression analysis with three predictors, α = 0.025, effect size f 2 = 0.25 and a power of 80%. Thus taking into account an attrition rate of ∼30% due to participant dropout and losing patients to follow-up, we recruited 83 patients to ensure we would have sufficient power for our analyses at the various time points after surgery.
Results
Recruitment
Children were recruited between July 2008 and September 2010. Details of the recruitment are presented in Figure 1 . A total of 83 children participated in this study, of whom 69 (83%), 61 (73%), and 59 (71%) completed the telephone follow-ups 2 weeks (mean = 15.6 days, standard deviation [SD] = 2.15), 6 months, and 12 months after discharge from the hospital, respectively.
Descriptive statistics
A total of 83 children (female = 56 [67.5%]) aged between 8-18 years (mean = 13.8, SD = 2.4) and one of their parents (mothers = 63 [75.9%]; mean age = 44.0, SD = 6.6) were used for the purpose of data analysis. The majority of children (n = 53; 64%) and parents (n = 56; 67.5%) in the sample self-identified as Caucasian. Eighty-nine percent of children spoke English as their first language at home, and 82% of parents identified English as the primary language spoken at home. Seventy-four percent of parents had completed at least some college/undergraduate education.
The majority of children underwent surgery for scoliosis (spinal fusion) (n = 42; 50.6%) or osteotomy (n = 25; 30.1%); eight children (9.6%) underwent Nuss (n = 5) or Ravitch (n = 3) procedures, seven children (8.4%) had a laparotomy, and one child had a thoracotomy. As described elsewhere, significant differences were not found in pain intensity or pain unpleasantness scores across the different surgical procedures while in hospital 52 or after returning home. 23 A smaller proportion of boys than girls had surgery for scoliosis, and a greater proportion of boys had a Nuss or Ravitch procedure than expected by chance. 52 This was the first surgery for 44 children (53%); 39 others had previously undergone other surgical procedures (mean = 2.0, SD = 1.6, range = 1-7). When asked to rate the level of presurgical pain they had experienced, the majority of children (80.7%) reported "no pain" or "a little bit of pain." Approximately one quarter of parents reported having experienced chronic pain (either currently or in the past) (n = 20; 24.1%) whereas almost one third of parents reported experiencing ongoing pain problems (n = 26; 31.7%).
Mean and SD of parent measures and medians and interquartile ranges of child pain experiences are presented in Tables 2 and 3 Table 2 Means and standard deviations of parent pain-related psychological variables measured at 48-72 hours, 6 months, and 12 months after their child's surgery Notes: When calculating a participant's total score on a questionnaire, mean imputation was used to replace missing items if the total number of missing items amounted to #5% of the questionnaire items. if .5% of items on a specific questionnaire were left unanswered, total score for that participant was not calculated. *Functional disability scores were only computed for children who reported experiencing pain and do not take into account children who did not endorse pain at each time point. Functional Disability index -Parent report was measured inadvertently on a scale from 0-3. pain catastrophizing 6 months and 12 months, but not 48-72 hours, after surgery. Using R 2 and 90% confidence intervals, the magnitude of the correlation coefficients between child and parent pain anxiety, pain catastrophizing, and anxiety sensitivity increased significantly from 48-72 hours to 12 months after surgery (Figure 2 ).
agreement/relationship between child and parent ratings of their children's pain
Mean pain intensity and pain unpleasantness scores 48-72 hours after surgery were compared between children whose parents' ratings on the PPMP identified the children as having clinically significant (PPMP score $6) 51 or lower than clinically significant (PPMP score ,6) levels of pain. Child self-reported pain intensity scores were significantly higher (mean NRSI = 4.08, SD = 2.3) in the clinically significant parent grouping (PPMP score $6) compared to the below clinically significant parent grouping (PPMP score ,6) (t[79] = 2.37, P = 0.020) (mean NRSI = 2.63, SD = 1.9). Significant differences were not found for pain unpleasantness scores (NRSU = 4.57, SD = 2.8 and NRSU = 4.31, SD = 2.8 for the clinically significant and below clinically significant parent groupings, respectively) (P = 0.743).
Children and parents were asked whether or not the child experienced pain and if so, to rate the intensity of the pain using the NRSI, at 6 months and 12 months after surgery. This information was used to classify the ratings into moderate/severe CPSP (NRS $ 4) and no/mild CPSP (NRS , 3) at both 6 months and 12 months after surgery for both child report and parent report of the child's pain. Results indicate a fair agreement between child and parent ratings at 6 months (κ = 0.300, P , 0.023) but not 12 months (κ = 0.175, P = 0.205) after surgery (Table 5 ).
These findings were not moderated by child or parent sex or child age.
Parent pain-related psychological factors associated with pediatric acute postsurgical pain
Multivariate multiple linear regression analysis showed an overall significant interaction effect between CPASS(0) and PASS(0) on child NRSI (2) t , NRSU (2) t , and FDI-C(2) scores 2 weeks after discharge from hospital (Pillai's trace = 0.157, F [3, 57] 
Discussion
The goals of this study were to examine (1) the relationships among child and parent pain-related psychological factors, (2) perioperative parent pain-related psychological risk factors for pediatric acute postsurgical pain, and (3) perioperative parent pain-related psychological risk factors for the development of pediatric CPSP 6 months and 12 months after surgery. 
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Parental influences in pediatric postsurgical pain Table 3 Frequency (n) of child and parent self-report of pain and median pain intensity, pain unpleasantness and functional disability scores in children measured 48-72 hours after surgery, 2 weeks after discharge, and 6 months and 12 months after surgery correlation and agreement of child and parent pain-related psychological factors and pain reports
Overall, the correlation coefficients were low between parent and child psychological and pain-related psychological measures across the first year after pediatric surgery. Of interest however, are the changes in the strength of the correlation coefficients between parent and child pain-related psychological measures over time. While the relationship between parent and child pain catastrophizing was the only one to reach statistical significance in the months following surgery, the relationships between pain anxiety and anxiety sensitivity also increased in strength over time. It is possible that child and parent pain-related anxiety and catastrophizing are normally correlated, but that this relationship is disrupted in the days after surgery and then normalizes by 12 months after surgery. As noted above, the relationship between parent and child pain catastrophizing reached statistical significance at 6 months and 12 months after surgery. It has been suggested that pain catastrophizing can be both dispositional and situational [55] [56] [57] [58] and is learned through pain experience. interactions between parent and child pain anxiety 48-72 hours after surgery predict child pain intensity, pain unpleasantness, and functional disability 2 weeks after hospital discharge. Notes: For pain intensity (A) and pain unpleasantness (B), parents with low pain anxiety had children whose pain intensity and pain unpleasantness scores did not differ according to level of child pain anxiety. In contrast, among parents with high pain anxiety, child pain intensity and pain unpleasantness scores were significantly higher in children with high pain anxiety than in those with low pain anxiety. For functional disability (C), children with lower levels of pain anxiety reported similar levels of functional disability regardless of their parents' pain anxiety scores. children with higher pain anxiety scores reported higher levels of functional disability if their parents also reported higher compared to lower pain anxiety (C). The interaction between cPass and Pass is based on continuous variables; the cPass and Pass were dichotomized using median split for the purpose of illustrating the interaction. Abbreviations: cPass, child Pain anxiety symptoms scale measured 48-72 hours after surgery; FDi(2), Functional Disability inventory measured 2 weeks after discharge from hospital; nRsi(2) t , numeric Rating scale for Pain intensity transformed (square root transformation) measured 2 weeks after discharge from hospital; nRsU(2) t , numeric Rating scale for Pain Unpleasantness transformed (square root transformation) measured 2 weeks after discharge from hospital; Pass, Pain anxiety symptoms scale measured 48-72 hours after surgery. Pain status no/mild cPsP (n) 10 29 Given the correlational design of the present study, we do not know whether any of the risk factors we identified are causal. Nevertheless, the results of the present study raise the possibility that in the months following surgery, parents and children learn from each other's emotional responses to the pain experience and as such, over time, they exert a greater influence on each other's levels of pain catastrophizing.
Research has generally shown a weak relationship between a child's self-reported pain score and parent perceptions of their child's pain. [59] [60] [61] [62] In contrast, results from the present study indicated a significant relationship between child and parent acute pain ratings and a fair level of agreement between child and parent acute and chronic pain ratings up to 6 months after surgery. Children whose parent's scores indicated the child had clinically significant levels of acute postoperative pain rated their own pain intensity as higher compared to children whose parent's scores indicated the child had below clinically significant levels of pain. This finding is consistent with results showing that while parent and child ratings differed on the day of surgery and on the first postoperative day, this difference was no longer apparent by the second day after surgery. 59 The results of the present study also show fair agreement between parents and children on the presence/absence of moderate/severe CPSP 6 months after surgery. Consistent with the existing literature, 63, 64 this agreement was not influenced by sex of the parent or child or by the child's age. The level of agreement between child and parent reports was no longer significant at 12 months after surgery. This indicates that parents and children are in greater agreement about the child's earlier CPSP status than later.
It is possible that other variables not examined in the present study may affect the agreement between child and parent pain reports including parent surgical history, child surgical complications, and child behavioral pain expression. It would be interesting for future studies to explore whether, and how, these variables influence child and parent agreement.
Parent pain-related psychological factors associated with pediatric acute postsurgical pain
The present results show that the interaction between parent and child pain anxiety 48-72 hours after surgery predicted pain intensity, pain unpleasantness, and functional disability levels 2 weeks after discharge from hospital. When parent pain anxiety is low, child pain levels 2 weeks later do not differ between children with high or low pain anxiety. Low parent pain anxiety may moderate the effect of child pain anxiety on pain intensity and unpleasantness levels. In contrast, higher levels of parent pain anxiety were associated with higher pain levels (intensity and unpleasantness) among children who also endorsed high levels of pain anxiety. High levels of parent pain anxiety, however, were associated with significantly lower pain among children with low pain anxiety. It is possible that in some as yet unknown way, high parent pain anxiety is protective against pain in children with low pain anxiety. Alternatively, this might reflect a subset of children who underreport pain and pain anxiety so as to protect their parents from excessive worry and distress over the child's pain.
Research has shown that parent and child postoperative anxiety are correlated, 20 but the present results are the first to show that parent and child pain-specific anxiety interact to predict pain intensity and unpleasantness reports 2 weeks after discharge. The present results suggest that high levels of both child and parent pain anxiety shortly after surgery are risk factors for higher pain intensity, pain unpleasantness, and functional disability 2 weeks after discharge; however, we do not know if they are causal risk factors. It is possible that psychological interventions designed to reduce pain anxiety in parents whose children also have high pain anxiety would reduce child pain reports in the days and weeks after surgery.
Research on family and parent factors in pediatric pain has focused mainly on procedural pain or chronic pain and disability. Two primary theoretical models, the operant conditioning and family systems theories, have been used to examine parent-child pain dynamics. 4 These models mainly focus on individual variables (eg, parental behaviors such as solicitousness and reinforcement, parenting style) or family variables (eg, family environment). As proposed in the integrative model of parent and family factors in pediatric chronic pain and associated disability 4 and the pediatric fear-avoidance model of chronic pain, 5 it is also important to consider dyadic variables; namely, interactions between parent-child painrelated factors. Results from the present study contribute to this literature by suggesting that parent and child pain-specific emotional responses interact to predict acute pain.
Parent pain-related psychological predictors of pediatric cPsP
Initial levels of parent pain catastrophizing predicted child pain intensity 12 months after surgery. Pain catastrophizing has been conceptualized as a way of communicating pain distress to others. 65 As such, the parents may, through emotional and behavioral reactions, reinforce their child's pain 
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Parental influences in pediatric postsurgical pain behaviors and pain catastrophizing. 56 It is possible that initial parental catastrophizing reinforces the child's pain behaviors, thoughts, and emotions (either through modeling or by directing attention to the pain) thereby placing the child at greater risk of developing CPSP 12 months after surgery. The finding that this relationship is absent at the 6 month follow-up and does not appear until 12 months suggests that there may be important differences in the development of CPSP (ie, from surgery to 6 months after surgery) versus the maintenance of CPSP (ie, from 6 months to 12 months after surgery) that are influencing this relationship. 66, 67 In this case, it may be that children are learning from their parents so that the effect of parent pain catastrophizing on child CPSP becomes apparent between 6 months and 12 months after surgery.
limitations
There are limitations to the present study. First, for practical reasons, recruitment and initial assessment did not take place until 48-72 hours after surgery. Since we did not assess children or parents before surgery, a true baseline was not obtained. It would be important for future studies to examine the parentchild dyadic relationship at baseline in the absence of pain in order to better understand how it changes with time after surgery. Second, children in this study all underwent major surgical procedures and the results cannot be generalized to procedural pain (eg, injections) or minor surgical procedures. Third, significantly more mothers than fathers took part in this study making it difficult to examine sex differences between parents. Lastly, the FDI was inadvertently administered omitting the original "2" ("some trouble"), yielding possible item scores ranging from 0-3 instead of 0-4. As such, levels of functional disability in this study cannot be directly compared to other studies of pediatric postsurgical pain.
In conclusion, this study is the first to prospectively examine the relationship between parent and child pain-related psychological risk factors from acute pediatric pain to the development and maintenance of CPSP. Results indicate that while parent and child pain anxiety in the days after surgery interact to predict acute pain levels 2 weeks later, parent pain catastrophizing (48-72 hours after surgery) predicts the presence of CPSP 12 months after surgery. The results suggest the following hypothesis: as time from surgery progresses, parents exert an increasingly greater influence over the pain responding of their children so that by the 12 month mark, parent pain catastrophizing (measured in the days after surgery) is the main risk factor for the development of pediatric CPSP. A next step in this line of research would be to examine how different social and environmental factors, in addition to the parent-child dyad, influence pain outcomes in the short-and long-term. 4 
